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METHODS AND SYSTEMS FOR. ANALYZING THE MOTION 
OF SPORTING EQUIPMENT 

Background 

5 l. Efeld 

This application relates to the recording and anajyziag of motion, c More particularly 
to measuring trad analyzing the motion of a piece of spotting equipment 

2. Description of Related Art 

l o Many sporting events require a participant to use a device (such a* a bat, club, stick; 

or racquet) to propel a ball toward a particular location, t One of the key fkcets to playing 
these sports well is the ability to areaie contact betwcenlth© device and tfc ball in such a 
maimer that the player can predict where the ball is likefy to end up afierfthe impact 
between the device and ban. In the game of golf; for example, when a golf ball is hit by a 

15 golfer, there are a large number of factors which control the resultant mofcon of the golf 
ball Some of tiiese, over which the golfer has control, sre the velocity aaad direction which 
is imparted onto the golfbaU by the club. In putting, thtee factors are particularly acute. 

Training devices for ^ 
ability to practice motions they will use in a game repeatedly under ccmtrtlled conditions 

20 . (gaierally with immediate feedback on their perfbrmanoe). Many also trf to encourage the 
player to use particular methods which have been previously found to be more successful 
(e.g. in golf the grip on die club and the placement of thfc feet). Some of these devices limit 
the swing of the player who is practicing to the "coirecff swing by forcing the player s 
swing to occur in a dimensionally limited space. These devioes have son*e major 

25 drawbacks, however. For instance, a player may becom^ reliant on the resistance or : orce 
provided by the device to complete the correct swine ^ ^hen the devic* is not prasnt the 
player losses much of die benefit they may have obtained from the use oftthe device. These 
devices may also be too cumbersome and bulky to be usfed on a golf courts limiting tie 
player's ability to use than under conditions most rimilir to play. Finally, such devices are 

30 generally frowned up on by a player 1 a competitors during actual play mealing that the player 
is forced to attempt to transition knowledge from the controlled training environment to the 
new environment of competition. I : _ . 
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Other types of devices analyze golf swings through tjie use of specially designed 
motion sensing apparatuses. These devices are generally external to the club for measuring 
the club's motion in simulated swings. These devices atyo have certain disadvantages, 
External systems are ofien limited by their processing speed. Many, which use video, ate 
5 limited by the frame rate of the recorder end are unable tf record precise motion of the club 
at the point of impart because of the club's speed. Purflita, these type of arctanaare 
usually limited in measurement dimensions because detettora have to avoid being hit ?y the 
club during the swing. Finally, these systems are not easily transportable and often require 
Specific setup making them impractical or impossible to toe on the golf coarse, 
10 A fhrther problem with training devices is that thpy can only measure swinge and 

motion and tell a player whether he is within parameters fef a mathematically "good" swing. 
Uiese parameters may be set from calculation, theory, or (possibility of success but cannot I 

be determined from actual competitive play to take into account factors wtiich master 

i 

golfers take into account, or compensate for, unconsciously. In sports, fhete ate many 

15 champions and many of the champions have their own uriique nuances to ttieir style ot play. 
These champions may have fecets of their play that one tfould like to be aMe to achieve 
beyond the perfection of the bade skills of ball control None of the aboyq systems enable a 
user to compare their play with another particular golfer fjlaying at a particular time (e.g., to 
compare their putting wim the 20 foot putt that previous!} won a Masters Tournament j. To 

20 measure the player during actual play, it is necessary to ude unobtrusive methods that o o not 
interfere with the play of the game and most practice devices do not allow such use. 

In a training device, it may also be desirable to not train a golfer in controlling iieir 
body motion as i$ currently done, but to simply train the golfer to obtain amotion in a 
particular part of the club by whatever means necessary. Currently, training devices try to 

25 coordinate the body motion of a golfer, which can be very difficult as golfhrs come in many 
shapes end sizes. Many existing systems have this limitation because sincalhere may ;iot 
be data available about the motion of the actual club. At the same time, wflKle it may ba 
impossible for a 6*6" tall golfcr to identically copy the full motion of a 5'2« tall golfer, with 
a completely different motion, he may b e able to exactly dopy the motion <ti a club head 

30 used by that golfer with a completely different motion. 
The systems discussed above m 
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Nummary 

For all these reasons and previously imideatified [problems in the ait, it is desirable 
to have systems for analyzing the motion of a sporting equipment Quo., a apart t rainin g 
5 system) where the system cm be incorporated into tie snorting equipmen* (Org., golf club, 
golf attire, baseball bat, hockey stick, football, trams racquet ete.) or other in such a vay 

the equipments be used for both p -an be 

used on an actual playing surface under actual playing conditions. 
It is tether desirable to haw 
10 recording and analyzing a the motion of a sporting equi^mmt during actual competitive 
play and one can also use that analyzed the moticmof th^equipm<mt to hc^ train anorher 
player to replicate a desirable motion. In golf for exampje, the recording of the golf saving 
motion can be used to analyze and con^aw 

drives) and compare these to cftib motions of bad puts (<* drives). Golf ciib motions (i.e>, 
15 swing, stroke) can also be analyzed over a period of timd to identify what features of; 

player's stroke might have chan ge d t 

Hie present disclosure is directed to systems for ftcasuring motiou of a sporting 

equipment, the system comprising a motion sensing system in communications with the 

sporting equipment to measure motion parameters, the motion sensing syaem having n 
20 least one accelerometer or at least one gyroscope. In different embodiments, the sporting 

equipment can be a golf club, a baseball bat, a hockey atUsk, a football or a toms racquet 

and foe like. In some embodiments, the motion sensing System can be located on the 

spotting equipment, or alternatively; within foe sporting equipment 

Ta accordance with one aspect of the present disclosure, the accdafcxneters anc 
25 gyroscopes can be micramachine devices. 



i 



In accordance with another aspect of the present <lselosure, the systems may farther 
include a command station having a data acquisition system to process thetmeasnred motion 
parameters and produce data and, optionally, a display mimtor. In some embodiment*, the 
3 o data acquisition system may processes the measured motion parameters ami produce d ata 
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represartative of an impact location of the sporting equipment, the a vokxiity of the sporting 
equipment, or an angular (mentation of the spoiling equipment 

In accordance with a farther aspect of the preserrtidisclomire* the iaotian ssasmg 
system can include memory for storing the measured motion parameter in some 
5 embodiments, the memory may be detachable from the snorting equipment 

hi accordance with yet a further aspect of the pre^it disdosure* tbe systems 
described herein can include a transmitter to transmit did measured motion parameters to a 
command station. In some embodiments, the transmitted may be a vrirelew 
communications transmitter such as a radio-ftequ^icy transmitter or an Infrared-frequency 
10 transmitter, for example. Additionally, in some embodiments, die wirele* communications 
transmitter can. be capable of transmitting the measured motion parameters in accordance 
with the Bluetooth or IEEE 804.12, wireless communication protocols. 

In accordance with an additional aspect of the present disclosure, tne data 
acquisition syBtem can include a data enor correction mddplg to compensate for an error 
IS rate of the motion sensing system. 

Hie present disclosure is also directed to a golf c Job ftfimpriwng a dub head, a abaft 
and a motion sensing system to measure motion parameters of the golf duo during a golf 
swing, the motion sensing system having at least one accWeramotor or gyroscope. In come 
embodiments, the motion souring system can be located ton the golf club, or alternatively, 
20 within the golf club. 

The present disclosure is also further directed to methods of analy^ng a golf swings 
wh ere the methods include having ft motion sensing system : in communications with a golf 
club to measure golf swing motion parameters, wherein die motion sensing system has at 
least one accelerometcr or gyroscope, and processing thq measured motion parameters to 
25 produce data. In some embodiments, Ate methods may alio include displacing the produced 
data on a display monitor, 

hi accordance with anaspectof the present disclosure, the produced data can be 
representative of an impact location of a golfball on a ctyb face of the gob club* 

In accordance with another aspect of the present disdosuro, the produced data can 

30 be representative of a velocity of a dub head of the golf blub. 

I 

| 
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InaccoiidmicewifcafiirthOTaspert^ 
be rqjresatitative of an angular orientation of a club feofe of the golf clubf In some 
embodiments, the data a r ^ niiiTt ion system can provide at angular orieatafcoo of flie c;Ub 
fece when the cinbfeceixnpacts a golf ball In other embodiments, the dAta acquisition 
5 system cauprovidearefer^ 
golf swing. 

Further features and advantages of the present disclosure will became apparent from 
the following descriptions of the detailed embodiments 4nd from the f'lfli* 11 ^ , 

10 Brief Description Qf n^ytnOH 

PIG. 1 shows an embodiment of a golf putter witi an external motion sensing 
system; 

HO. 2 shows sn embodiment of a block format layout of amotionweosmg system 
and command station; 
15 FIG. 3 shows an embodiment of a golf dub and ^command station; 

FIG. 4 shows another embodiment of a go If dub ind a command totion; 
FIG. 5 shows another embodiment of a block fonW layout of a motion sensing 
system and command station; and 

FIG. 6 shows a display for displaying the data of the command station. 



20 



Detailed Description of tfafl Preferred Rm^^} 

White the following embodiments and description are generally dfeenssed 

regarding systems and methods for measuring the motioncfa golf dub dining a golfs wing, 

p^iis sMIlfid in the art wm ^piecu^ 
25 be appHed to oth«- pieces of sporting equipment such as baseball bats, a hnbkey sticks, 

footballs, tennis racquets, and the like. 

The term "actual conditions" relates to play on a g j>lf course or sunhar environment 

For instancy it codd be useful to use tte 

driving range as the driving ran^ 
30 play fag. a golf ball is hit off a tee with a club that would be used in icgulanplay). 

Therefore one shodd think of ac^ 
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Used competitively by a golfer would normally be used* trtiether the play i* as part of a 
game or only "practice," Further, actual conditions would not require the Rgolfer to go 
through a special series of steps which could detract fo>4 the play of a golf game (&g., the 
golf* would not need to est up a series of sensors arouni a ball before tal^ a shot). In an 
5 embodiment, the systems and methods described herein ire designed so that a user cm play 
golf on a course with their equipment and can have ™farfatd\nn about their awing and their 
play relayed to a command station for use anytime during or after the Tn addition, in 
an embodiment, die golf club appears similarly to those that do not determine the motion of 
the golf swings; fbrflramare, in some embodiments, the iolf club can be used in 
io professional, regulation play. 

It would be understood by one of skin in the art, ljowever, that the ftorindfdefl and 
devices discussed herein could be inctspoiatcd without ubdne experimentition into a wide 
variety of sporting equipment 

Aa a golfer, it is desirable to know whm one is hitting a b all in a manner different 
15 than is intended. In particular, if there is a systematic problem (lol the bat ia always Mt 
toward the toe end of die face) a golf instructor, or the player, may be ableMn understand 
and correct an aspect of play to correct for the problem, ior instance, die prolftr may move 
his feet bade or play with a longer putter to eliminate the problem and therefore improve 
their game* Provided below are embodiments of a golf dab containing a taction sensing 
20 system allowing a golfer to receive feedback regarding thfc motion of a gott'club. These 
embodiments can then be used to provide indications of j^oblema in a golfer's play which 
the golfer can attempt to correct by increased practice, altered movement, different 
equipment, or other things. 

There are several factors relevant to a golf swing ^ch can affect how well a golf 
25 ball will travel. One fector has to do with whereon the c|ib fece the ball i* hit It is 

generally desirable far the golfer to hit tile ball as close to! the centerimp oftthe club face as 
possible because, when hit at this point, the club fbee gtaitrally will not experience an} - 
angular rotation upon impacting \*dth the ball. Thus, if thfc angular rotatiot* of the ohb fee© 
oan be minimized at the point of impact, the ball should travel in a straighta line. In 
30 contrast, when a golfer strikes the golf ball near the toe arjthe heel (definedbdow) Q fthe 
club fece, the club fece will slightly rotate when the maad of the ball cornea into contact 
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wifli foe clubfeet This interaction (I.e., the rotation) cjtn not be controHed by the golfe* 
and can lead to the ball tmveling ma diiwtion wWch golfer. In 

certain embodiments of the systems and me&ods desai^ herein, foeareibre, it is desirable 
to be able to determine whers on the club face the ball ife hit so that the golfer can adi uat 
5 thoir play stylo (or equipment) as needed, e.g., move th4 hitting point doner to the 
ccnterline. 1 ' 

A second fector that can affect the travel of the £olf ball is the otztount of force that 
is imparted onto the ban by the golf club. The force of the golf club impacting th© ball is 
dependent upon the velocity of the golf dub (La., the dtfab face) as it hits hhe ball and the 

10 weight and balance of the golf club. The motion of the golf club and in particular, the 
motion of the club face, preatiy determines how fc the haUwiUtiaveL fior example, too 
little force can canse the ball to fell short and teetering <Jn the edge of thai cup, while wo 
much force can cause the ball to overahoot the cup. In Certain embodiments of the s^tema 
and methods described ho'em, therefore, it is desirable to be able to measure the velocity of 

15 the golf club as it travels through a swing, and it is particularly desirable bo be able tc 
determine the velocity of the club fee© at the time of impact 

Yet mother factor that can affect the travel of th^ golf ball is the fiane of the club 
face as it strikes the golf balL If the golfers swing is no} straight the ohitt face may sixike 
the ball at an angle (relative to the ball and/or playing surface) which cawcause a force to be 

20 applied to the ball in an unintended direction. This can Result in the ball deviating fratn its 
desired comse or to have an undesired spin, la certain ^nbodimsats of tte systems and 
methods described herein, therefore, it is desirable to bet able to determine the angular 
orientation of the club face. 

25 HG. 1 depicts a golfchib 10 that can be used in t^uOyzing a golf siwmg. Whiiethe 

golf club 10 depicted in FIG. 1 is a putter-type golf dub |(Le>, a potter), the disclosure iereiB 
is equally applicable to any type golf club, e.&, driver, sand wedgeg, iron*, etc. Golf dub 
10 has a putter golf head 113, a shaft 115 and a handle (hot shown). The J^olf head 1 .3 has 
a club fee© 101 and a centerline 107. The ends of the dib face 101 are referred to as the 

30 heel 103 and the toe 105, where the heel 103 is the end (if the club ftce 161 closest to the 

golfer and the toes 105 in the end farthest from the golfer. The ceBterimt*i07 is on the top 

i 

! ! 

t 

i 

: 
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of the golf head 113 and indicates the location of the cotter of gravity aloig the y-axi* (cgy) 
of Hie golf club 10. If the club fece 101 impacts a golf bin (not shown) alia point 
corresponding to the cenieriine 1 07 (Le,, at the cg y ), menjthe club fece 1 0 > generally should 
not experience an angular moment about me wnris (Lc, the club face lOllBhouid not rotate 
at impact). An unexpected rotation of the cfob fece 101 £an cause the goUball to travel in a 
<&wCion (or ma way) which may not haw Unis, conterlinte 107 assists the 

golfer in identifying where on the dob fece 101 the golf* may desire to hitthobalL 
Reference hnes 109 and 111 are present osnthetopoftheigolf head 113 toBfinther assist the 
golfer m identifying where onthficlub ^ 101 the golfemaydesTOtobathebalL 

When the golfer makes a putt with the golf club U0, the club head 113 maybe swung 
60 that the dub head 113 moves in a gentle arc which is t&ngential to plan* of play 11 1 (Le., 

the x-y plane of the ground) and approximately parallel tithe tine of the ctmteriiae 107. A 

i 

golfer 9 s exact skill would determine fee exact nature of tie motion, as wound the golfer 3 s 
intended hitting power, placement of the ball and other factors. The golf Ball, when struck 

is by the club feoe 101 f should travel away fitmi the dub fa*» 101 in a pafli generally 

perpendicular to the club face 101 if the ball is hit property and roafiectedhby any external 
influences. j . 

FIG. 1 fUrther depicts the golf club 10 having a motion sensing syaan 119 in 
communications with the club head 1 13 to measure a motion parameter ofla golf swing* 

20 Golf swing motion parameters can be any suitable metric* that can be used to define the 
physical attributes of a golf swing. Thus, golf swing motion parameters noay memde ibe 
club head 1 13 linear and angular accelerations in and aboU the x, y, and z axes, for 
example. FIG, 1 depicts the motion sensing system 119 being attached to ti portion of the 
top of (i.e., <W) the club head 113 (and behind the club feoe 101). 

25 M stated, the motion sensing system 1 19 can detect, i.e., measure, motion 

parameters of a golf swmg. In the embodiment shown in (FIG. 1, the motion sensing eastern 
119 is mounted on the club head 113 since me club bead'fa 113 motion directly effects the 
motion of me ball after the club head 1 13 strikes the ball, m other embodiments, the 

motion sensing system 1 1 9 may be located within (le,, asternal) the dub bead 1 13. h 

i 

some of these embodiments, me dub head 113 may have frn outward appearance which is 
identical to a cmb head which does not contain a motion tensing system 1 19. In yet other 



30 
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embodiments* the motion sensing system 119 may be foliated on the shaft 115, or 
alternatively, within the shaft 115. 

In some embodiments, the motion sensing systeijx- 119 be designee 60 as to be 
removable and replaceable from the golf dub 10. In thii way, the motionisensing system 
119 can be a modular add-on device which can be installed on a conventfaual golf ebb so 
hs to analyze a golf swing using that 
be removed and reinstalled on a different golf chib. 

In other embodiments, the motion of a different ^art of the golf eft* 10, or even a 
different part of the golf equipment (such a& the ball) may wish to be analyzed and thus the 
motion waisrag system 119 maybe attached in proximity to this diflfoentrfocatianu frayet 
fimher embodiment, amotionof a particular part of the ^Ifer^a body mwbedeaiied and 
the motion sensing system 119 coitfdlfc^^ 
golfer's body. 

Depending upon which motion parameters one vtjishes to measure* the motior 
15 sensing system 1 19 can include an accclemmeter, a gyrc|scope» and/or combinations of 
acoelerometers and gyroscopes. measure « acceleration along a^ei* 
(relative to the golf club 10 or club head 1 13), for example the x-aais, a sngle 
accclerometer property oriented to that axis could suflic^ To measure linear accelerations 
in additional axes, a ddi tio nal acoetaometers may be required. Similarly, tfo measure an 
20 angular acceleration about a single axis (e.g., the z-axis>j a properly oriented single 
gyroscope could suffice; additional gyroscopes may be required to measute angular 
accelerations in other axes. I, 

In some embodiments, the accel«ometsr(s) and/^r gyroscope($) may be fabricated 
micro machine s, or an array of fabricated ™cw wnfirfimAg j A micromachice, as that term i$ 
25 us ed herein, may be a poKsilican structure built asx a silicon wafer or any ather structure that 
woidd qualify as a nricromachine. Persons skilled in theiart will appreciate the wide variety 
ofndcromachme accelerometeis and gyroscopes that are! suitable and readily available For 
example, the acedcrometers and gyroscopes disclosed id U.S. Patents Nob. 6, 167,757 and 
6,067,858, respectively, the entire contents of which are herein incorporated by reference. 

30 hi addition, micromachmes. as described herein, may be (micro efecfto-mdfchanical sensors 

i 
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(MEMS). These include devices manufactiirod by Analog Devices Inc. ar»ong others. 
These micromachines may produce analog, digital, or any other form of oitpur. 

In other embodiments, micromachines need not bb used, and irtflfeffri other seniors 
(eg., accelerometm and gyroscopes) sndh as, bat not limited to, antomotinre-grade 
acceleramoters and gyroscopes, fiber optic gyroscopes, vibrating quartz gyroscopes, q 
similar devices which wiU be readily understood by th064 pwsons skilled in the art msy be 



FIG, 2 illustrates in block format one embodiment of a system 20 Jtar analyzing the 

10 motion of a sporting equipment, System 20 includes a mbtian sensing system 119 anc a 
command station 209. Tlio motion sensing system 1 19 of FIG. 2 has a gyroscope 203 and 
an aoeelerometer 205 . The motion sensing system 1 19 M in communications with, e»s„ is 
coaled to, apiece of sporting equipment (not shown in ifcls figure). The command station 
209, which is generally external to the piece of sporting equipment, includes a data 

15 acquisition system 211 and a personal computer 213 hav^ a display mentor 215, The 
gyroscope 203 and accelerometer 205 of die motion sensing system 119 a» in 
communications with the data acquisition system 21 1 of fee command station 209, T ic 
gyroscope 203 and accelerometer 205 detect <i.e>, measure) an angular accarisration and a 
linear acceleration, respectively* exerted on a piece of spirting equipment! The measured 

20 motion parameters (e,g., the acceleration data) can be transmitted to the data acquisition 
system 211 of the command station 209 via appropriate f^iysical wire paflja (eg., wires or 
cables) or wireless paths, as further discussed below. Tht data acquisition system 211 can 
be enable of processing the measured motion parameters from the motion sensing system 
119 to produce data indicative of die golf swing. The dafe can take many different kinds of 

25 form, all indicative of motion, including, for example, a too-dimensional err three- 

• dimensional representation of the golf swing, the velocity of the club head as a function of 
time, the velocity of the golf head at a point of impact, th£ angular orientation of the c ub 
head as a function of time, etc Suitable data acquisition system's 211 include 
commercially available 12 channel PCMCIA, data acquisition cards (where die measured 

30 motion parameters from each sensor is ''channelized"), a^^ongst others. Pfersons skilled in 
the art will appreciate the wide variety of data acqtrisitiori systems which may be used The 
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command station 209 which maybe, but is not limited toj, a computer or otter processing 
device, may then process fee date produ^ 

textual and/or graphical display of Que produced data viaifee display monitor 215. 

In some embodiments, fee command station 209 knay ficrthg inchMe a data error 
5 correction module (not shown) to compensate for the error rates (e.&, calibration and in-run 
drift etror rates) **ich may be inherent in fee acedttombtm 205 and/or gyroscopes 203 
used in fee system 20. The use of a data error correction module therefore may allow the 
command station 209 to produce more accurate data. The data error coutfclion moduie, 
which could b e a hardware or a software embodiment, c4n operate based upon some general 

10 assumptions regarding atypical golf swing (eg., a drive or a put, etc.) lik*, for example, the 
typical time duration of a put If for example, a typical flut has a dnrationpof 1.5 seconds 
and the gyroscopes 203 used have a drift rate of 4 0 /boc, t)MD the data erroiioorrectim 
module could properly compensate for fee gyroscopes 2<k3's statistical drift error feat would 
be expected over feis golf swing duration. In addition to( a golf swing duration metric, the 

15 data error correction module could also provided correction feedback to the commanc 
station 209 based upon assumptions regarding the natnrej of a typical golf hwing (e.g., fee 
path that is typically carved out) and/or the typical posxti^m of fee start of K golf swin*. The 
data error correction module can be a component of fee data acquisition system 21 1 ? the 
computer 213 or be separate stand-alone component within fee command fetation 209, 

20 Persons skilled in the art will appreciate how the data enjor correction monmle can be used 
in conjunction with fee measured motion parameters so ^ to produce maie accurate oata. 
Also, fee use of a data error correction module may penrjit fee use of less expensive (3.g,> 
automotive grade) accderoractos 205 and gyroscopes 203 feat typically hove higher error 
rates fean fee more expensive models. 

25 In some embodiments, fee measurement of fee motion parameters ican be performed 

through the use of senaora which are grrmll enough to be used in proximity to certain key 
p oints of sp orting equipment, such as the dub head, without undue (or in one embodiment 
any) pe rformanc e degradation. In addition, devices are desirable that can survive the rigors 
of fee club impacting the b&lL Such sporting equipment fcnay then be used by both the 

30 professional and fee amateur in any way that would regujarly use golf equipment feat does 
not include sensors or a motion sensing system. Therefore fee goiter couM use this club as 
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their regular club and the equipment could be used undaj actual conditions This would 
also allow a golfer to play golf in their normal game setting and yet be ablfe to obtain 
training information from their game. In an embodiment the equipment <&juld replace both 
the players training devices end tiieir play devices, allowing training to octmr at all times, 
5 inc l ud ing during competitive play, 

i 

I- 

FIG. 3 illustrates an embodiment of a system 20 ijbr analyzing the motion of a 

i * 

sporting eqnipment, and in particular, as shown in FIG. % a golf club 10 hnving a clah head 
313, a shaft 307. a handle 309 and amotion sensing systdm 319. FIG. 1 frustrated ones 

10 manner of locating the motion sensing system 1 1 9 on the* club head 1 13 olthc golf club 1 0 - 
a motion sensing system 1 1 9 attached externally and unobbroively to the *olf clnb 1 0 in a 
manner that does not interfere with the golf club's 10 placability. FIG. 3 snows another 
embodiment of a golf clnb 10 having amotion sensing system 319 to measure motion 
parameter of the golf ctub 10 during a golf swing. The Aiotion sensing system 319 has at 

15 least one gyroscope 303 and at least one accelerometer 305 forming amioomachine stray 
that can bo located within the club bead 313. Hie club It can appear externally similar to a 
conventional golf club and can bo used to strike golfbaHi in practice or competitive piay. 
In particular, the gyroscope 303 and accelerometer 305 Sanson may be looted within the 
club head 313 so as to not be externally visible. In alternative embodimertB, the golf chib 

20 10 can be any golf club thai ha* been altered after manufacture to contain toe systems 
discussed herein. 

In FIG, 3 the mioomachme airay may be ccmqxrid^offlneeindqttndent 
"packages* of micramachines. Each of these packages be a ceramic chaal mlnm package 
as is known to the art. In such a package there is include^ two acceleromeDos and twr 

25 gyroscopes. The gyroscopes end accelerometare are placed in two-dimensions (e.g., relative 
to the club head 313) so that the package's motion (both fci terms of displacement and 
acceleration) can be measured in two dimensions. Ideally each package id&znall enough to 
be placed inconspicuously inside the golf club 10 or golf fclub head 313. Such packages 
maybe around 0.39" x 0.42" x 022", for example. A package having these dimensions is 

30 available commercially from Analog Devices, Inc. The packages maybe smaller however. 
For ins tance anoth or package with similar micromachzne tamponeate is also available from 
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Analog Devices which is only 0.2" x 0.2" x 0,1". A wide variety of suitable padragea may 
boosed 

Hie measured motion parameters of the motion sensing system 319 can be provided 
to a command station 209 having a date acquisition system 211 which CttK process thu 
5 measured motion parameters to produce data which is representative of tb c motion oj'a golf 
swing. The command station 209 may be locsled with the golf chib 1 0 (qug., installed on 
the golf club 10) or may be remotely located at a difrtant^from the golf club 10. The 
measured motion parameters of the motion sensing syst&ft 319 may b e analog or di gital 
signals; die analog or distal signals can be changed from either format tdKhe other, or a 
10 different format, at any time via analog to digital (A/D) in digital to anald$ (D/A) 

converters, as is know to tho^ of ^11 in die ^ m the embodiment illustrated in FIG. 3, 
the measured motion parameters of the motion sensing tystem 319 canbtftnmsmittcc via 
wires as shown to the external data acquisition system 2ll of me command station 209. 

! 

• i 

15 The use of accelerometos and gyroscope have certain particular advantages, n 

action, each of the gyroscopes can be used to measuwd^ciiange of direction or angle of 
the club head, while the accederametecs can measure changes in the speedofthe ebb head. 
A total of three packages (as described above) may be arranged so as to piovide two 
measurements in each of the three orthogonal dimensions relative to fhe dub head 31 i (t,e,» 

20 the x, y, and z axes of ths club head 313), The use of thiee packages can allow the motions 
in each dimension to be double-checked, since there are two readings in each dimensi on, 
and/or can allow for displacement between the packages too show certain topes of mot; on. 
For instance, placing one package at the heel 103 and onb at the toe 105 (tf FIG. 1,£dt 
example) of the golf dub 10 may permit the detection oftiutation of the dib bead 111 about 

25 a point between these two sensor arrays. This may be usfcfhl to insure accurate data for the 
motion of the chib head. One of skill in the art, howevcai nMould see that any number )f 
packages or any combination of sensors including any mimber of gyroscopes and or 
acceleroraetera can be used depending on the type of mfdnnation rcquiredtend the level of 
measurement redundancy cleaned, 

30- For example, accclerometere 305 of fte motion sensing system 31!? can be used to 

measure the linear acceleration® everted upon fee club Jiead 313 during ai golf swing The 

j 

PAGE 1 9ffiO***RCTOAfTl/8/2005~5^56:33 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-W31 * DNIS:2738300 * CSID:13124635001 * DURATION (mm-ss):32-16 



11/08/2005 17:03 FAX 13124B35001 



BANNER & WITCOFF 



10 



WO 02/35184 1>CT/0S01J3M96 

.14. !; 

linear acceleration can be measured in either one, two oijth^e dimoisionaiielHtive to the 
clubhead3l3-depojdi2^upon 

orientation of the acedcrameters 305. The data acquisit^ system 21 1 of (he command 
station 209 can then process these measured linear acceleration motion pasmeteis to 
produce data which is representative of the velocity ofthb club head 3 1 3 (in either ona, two 
or three dimensions), and/otr produce data which is representative of fee distances traveled 
by the club head 3 1 3 (again, in either one, two or fluee dimensions) . 

Gyroscopes 303 of the motion sensing system 3 1 1 can be used to measure the 
angular accelcration(s) ofthe dub face 301 both before, luring, and after impact with a ball 
The angular acceptation can b e measured in either one, tWo or three dimensions - 
depending upon the number and type of gyroscopes 303 Ised and the orieatatian of the 
gyroscopes 303. The data acquisition system 211 of the iommand statianG09 can then 
process tins measured angular accdeiaticm motion paranttere to produce lata which is 
rqweswtative of the angular orientation of the club face $01 both before, fluxing, and after 
15 impact with a ball 

In some embodiments, the angular orientation ofiw dub fece 301 kt&e point of 
impact may be determined relative the what the angular <*iCntatkmoffhc club fece 301 was 
upon the initiation of the golf swing. This can be advantageous since the <srienlfllion of the 
club face 301 at the initiation of the golf swing is the orieht&tion of the club fece 301 at 
20 which the golf intends to impact the balL In such embodinems, the initiation of the golf 
swing may be determined by measuring and detecting soijie threshold amount of motion, 
audi as an acceleration via. acedcromoters 305, which mqybe indicative oi an initiation of a 
golf swing. Altecnativdy, the initiation of the golf swing ^nay also be established by 
determining the time and qpatial relation at the point of impact and then extrapolating Jbue 
25 measured motion parameters backwards in time (and spaifc) to determine tfce initiation of 
the swing (and the angular orientation of the club fee* 301 at this point), hycto&er 
embodiments, the initiation of die golf swing may be determined by measreing a nd 
detecting some threshold period of motion inactivity- Pair to initiating a golf swing, many 
if not most golfers will place the dub fece 301 immediately adjacent to the* golf ball and 
30 pause for some period as they prepare for their golf swing) This period of inactivity, which 
can be measured by an accelcrometer 305, for example, ttyu& may be indicative of theiperiod 
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immediately preceding the initiation of the golf swing thus the initiatim of the golf 
swing may be determined in 1Mb way. 

By utilizing a motion sensing system 319 which las, at a minimum, a gyroscooe 3 03 
that can measure the angular acceleration about the z-axi of the club head 313 and at 
5 accderometer 305 that can measure the linear accelenitickmthe club heart's 313 x-axk, tha 
impact location (of the solf ball) along the club free 301 f s y-axis can be <fctocmined_ An 
impact with a ball at a point away from the centeriine 10 7 of the club fectflOl will induce 
an angular acceleration about the z-axis of the club head 11^ (since the pomt of impact 
occurs some Ay distance away from the cgy). From the x>-axi8 linear accekration mot on 
10 parameters, the data acquisition system 211 of the command station 209 can be enable of 
determining the fora at vririch the ch& 

club head 3 13 and golf ctob 10 are known and fixed. by measuring tfie above 
identified linear acceleration and angular acceleration thd y-axis location a a the club lace 
301 ofthe impact can be detank oi^ command 

15 station 209. Furthermore, in a flimilar feahirni, by rtilizfog tin additional gyroacttpe 303 that 
can measure the angular acceleration about the y-axis of the club head 311, theampac: 
location (of the golf ball) along the club fece 301 'a z-axii can be detemmaxL 

hi an embodiment, flic system could also contain IbWcr sensors fen potentially leas 
cost and potentially less impact on the engineering ofthejdub or additional sensors, or* 

20 alternative sensors including, but not limited to, additional gyroscopes, additional 

accelerometes, or devices, such as, but not limited to, £bjce meters, temperature gauges, 
xoicrocompasses, other sensors or other nrioromachined ^eVices, such as motors, gears, 
batteries, or any other type of device that may be desired.:? 

i 

25 F1Q. 4 illustrates an embodiment of a system 30 fbr analyzing the motion of a 

sporting equipment, and in particular, aa shown in FIG, 41 a golf dub 10 having a club head 
413, a shaft 407, a handle 409 and a motion sensing systetn419. The motion sensing 
system can include a wide variety of gyroscopes 403 andfer accelerometo^ 405. PIG. 4 
shows an alternative arrangement of the circuitry of a eh}, 1 0 having a motion sensing 



30 system 419 contained within fie club head 413. In some 



embodiment*, fh* golf dub 1 0 of 



FIG. 4 may designed to appear externally as a standard gc If club. Tn anotter embodiment, 



i • 
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the golf ebb 10 can be virtually hidirtfoguiahabte externally from a standard (L©., 
conventional regulation play) golf club which does not contain a motion smsing system. In 
farther embodiments, the motion sensing system may bo Retrofitted to an rasting goli chib, 
by a ttrird party mamrfacturer. Alternatively, a golf club to maybe en gi neered to contain 
5 the motion sensing system 419 which maybe included a^part of the club » 0's original 
manufacturing process. In some embodiments, all components are contained within too 
golf club 10, while in other embodiments* some or all of the, components may bo external to 
the club 10 or may be visible on the club 10. 

The system 30 of FIG. 4 farther includes a power (supply 451, a transmitter 45'*, a 

10 switch 453 and a command station 209, The power supply 451 maybe am conventional 
power supply known in the ait The power supply 451 isjpjeferaMyaDC^urce such as a 
chemical battery which can be placed within die handle 4/09 of the club 10 The power 
supply, thus, maybe a long life battery that will not needlto be replaced owfce expected 
life of the club 10, or; bo as to allow battery replacement [or component repair or 

15 replacement). In yet another embodiment, the power supply 451 can be a sechargeable 
battery that may be recharged through airy manner knowri to one of skill im the art. Inane 
embodiment, the recharging can be accomplished thxongtk a connector (not shown) co nnect 
to the power supply 451, The connector may be an induction plate or cylinder ox rimiJar 
device that can then be connected to a similar connector ^ttached to a chancer contained in & 

20 golf bag. Such a system could allow a set of golf clubs td be charged whifc they were not in 
use but ww© earned around in the bag. 

A switch 453 can be provided in some embodiments so that ^esyitem 10 has at 
least two states: a dormant state, where the measuring of tnotion parameters is not desired; 
and an active state, where the measuring of motion paranjetars is desired. The utilization of 

25 active and dormant states can be desirable since much of the motion of thi fclub 10 maybe 
extraneous and not of interest to the golfer, for exampl e, ^bon the golfer i* walking to a tee. 
The active state may be triggered, e.g., by depressing the switch 453, who* a player desires 
to analyze the motion of a golf swing. The switch 453 is M required in ali embodiments, 
however, the use of switch 453 could result in lower cnmgy consumption- ^Switch 45? can 

30 be any type of switch and can be activaledby any mean* fcaown to the art *M one 

embodiment the switch can be a miooswitch built into tbp handle 409 (as uhown) which 
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may be depressed by the player. Alternatively, the switch 453 could coirporises hardware 
and/or software which operates in conjunction with the jiata acquisition system 211 end/or 
the command station 209 to analyze the measured motictn parameters so as to detect -t 
■ 'signature" motion that may indicative of a golf swing qr an impact with ha golf ball Upon: 
identifying such a signature, the command station 209 njay then process *. subset of tie 
measured motion parameters established for some perioh bracketing Hie signature motion, 
e.g., for a short period of time before and after contact vjith the ball. Theuystam 10 may 
constantly measure the motion parameters and place tfaepneasured motion parameter ina 
memory 455, herein the measured motion parameter is cycled through ahe memoir 455 
(for instance a first-in-first-out (FIFO) memory). Upon detecting the particular motion, Le., 
the signatory the ccrarar^ on 
the memory 455 for a particular period of time, e.&, aonje period prior totfhe recorded 
impact and a period after the recorded impact In other fcnbodiments, thamemory 45 5 can 
be utilized independently of the switch 453. For exampj*, the memory 455 could be used to 
IS store the measured motion parameters; the command station 209 could tl*n process tie 
measured motion parameters at some later time or date. [Pnrthemiore, in some 
embodiments; the memory 455 may be detachable* e.g* Removable and replaceable. 

In another embodiment the switch 453 can have iiore than two ro«lev for instance 
the switch 455 could have an off mode indicating the ddb 10 is in storages a deep mode 
20 ind i cati ng the club 10 is moving but not currently being ^wimg, a practicdmode indicating 
that the golfer is swinging the club 10 but there is no ball to engage, and aplaymode where 
the golfer is swinging the club 10 for fte purpose of propelling abalL SuA a multiplicity 
of modes would enable the golfer to take a few practice Swings and make imre they h* ve the 
desired motion of fee club 10 before they actually take fife motion and engage tho ball with 
25 that particular motion. It could also allow for preservation of battery life. 

In other embodiments, the switch 453 cm consist of sensors and/ttmicrcmachines. 
For example, the switch 453 conld contain a pressure transducer sensor capable of detecting! 
some threshold amount of pressure which may be indicative of someone gripping the oandle 
409 - once the threshold pressure is established, the switdh could activate ebe system 30'a 
30 active state. Alternatively, the switch 453 conld contain jm accdera n ete rt senaor capable of 
detecting some threshold amount of acceleration which nW be indicative laf a golf swing - 
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once the threshold acceleration is established, the switchicould activate flite system 30 s 
activestai&L The switch could also bo any other typ e of switch to tndicatetwhen the measure 
motion parameters of die motion sensing system 419 is rtlevant and shouH be provided to 
the command station 209- 
5 The transmitter 457 can boused to transmit the measured motion parameters to a 

receiver 217 of the command station 219. Since, in onejembodiment, ctariixy is enclosed 
within me golf ebb 10's handle 409 which is limited in ^pate, it may be desirable for the 
command station to be external to the golf club 10, although in some embodiments, tie 
onrnmanri station 209 can be coupled to (e.g., attach to of contained wiflnt) the golf ciub 

10 10. In some embodiments, the transmitter 457 can be a Tireless communications 

transmitter enable of transmitting the measured motion parameters to fhei command Ftation 
219 via a wide variety of methods known to the art, inchiding radio frequency (RF), 
Infrared (IR), microwave, Bluetooth, IEEE 802.1 la or ^yoth^ method br protocol for 
wireless transmission known now or later discovered. It lis not necessary to have & 

15 transmitter 437; the measured motion parameters maybe} extracted, from the motion sensing 
system 419 or memory 455 in any manner known to the tot. These include, but not limited 
to, the club 10 having removable memory 455 and the contents placed ontm external 
system when needed; the club 10 containing a data jack ^iot shown) or otker connector (not 
shown) which could be hooked directly to an external system allowing dotvnload of the 

20 contents of the memory; the dub 10 connected to the coifennand station 20$ via wfr&Une 
systems a^discuased in relation to 

latex discussed* i* • 

Wireline 475 may be used to connect die co mpoijents at various locations within die 
club 10, However, wireline 475 is not necessary and winsless methods otrwold state 
25 methods could also be used to communicate between fha components. 

PIG- 5 shows a block diagram of one embodiment of the electronic that coulc be 
used in a system such as die one depicted in FIG. 4. Included are a motion sensing system 
5 19 having an accelerometer 505 and gyroscopes 503 anti a command station 209- The 
30 accelerometer 505 and gyroscopes 503 of the motion son^mg system 519 #e in chanrefized 
coromumcationa with the data acquisition system 211 of ^hc command station 209, Tie 
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data acquisition system 21 1 can include a dock 555 for |^odmmi2*rion dffhe chatjndiwsd 
motion parameters measured by the accderameter 505 end gyroscopes 503. Blectricdly 
programmable readonly-memory (HPROM) 561 for stojing software algorithms 
appropriate for the processing of the measured motion parameters may al*o be present as 
wcH as a Random Access Memory 55 9 for temporarily storing the measured motion 
parameters and/or the produced data. 

The command station 209 may also include a display monitor 21 Sfcorahnilar device 
^ can be used to interpiret and display the fa 
an embodiment, the display monitor 215 can comprise 

wife a portable computing device such as a personal digital assistant (PDA), a Laptop 
computer, or a portable telephone- In another embodiment the display mduitar 215 could be 

a fixed device such as a desktop computer or a con^utoij permanently mounted at a golf 

i 

course, for instance in a Mode or in the golf cart 

The display monitor 215 of the command station [209 maybe generally AamgnpA to 

15 display the produced data of the data acquisition system fell in a format tM&t may be useful 
foraplayer or other perron interested in the golf swing, FIG. 6 provides one embodiment 
of such a display. FIG. 6 $hnw* a display 601 from a display monitor 213Hitilizmg a 
version of the Windows** operating system The display €01 displays produced data in 
textual and graphical formats. In particular there is a clnbhea^ which 

20 can provide a numerical head position 61 1 indicating thejpoint on the duhifice where the 
ban was struck. The impact location data is also shown graphically in gr^)hical display 
621. Fxom e x a minin g the graphical display 621, for exai^le, one can visually sec thst th© 
golfer struck the baUslifi^ display «21 indicates a 

negative y-axis measurement) . 

i 

25 Display 601 also shows Peak information 631 witch provides information as to the 

force that was used to hit foe balL This produced data caft bo useful in detenrining how 
hard the ball should have been hit to make the put or to i*ake the drive. 

Also included in display 601 is information relate^ to the angular orientation of the 
club face (cg^ 101) at the time of impact with the ball. This is shown graphically by the 

30 rotation diagram 613 and numerically by the values included at calcnlatioDB 623 . Intbis 
example, the club face impacted the ball at about 4 degn difference ftam where the club 
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waa lined up prior to the start of the stroke. This may hope caused on undfcsired motion to 
be imparted on. the ball. 

The display 601 farther i n cl n dca a readout 605 shewing the measuttd motion 
parameter of the accelerometers aad gyroscope for a period of time arotuti the club's 
5 impact with the balL It can be seai in readout 605 that file club had some flight tremors in 
its paih which could lead to the slight mis-impact shofwn fjy 'the other figtwas. Therein also 
a legend 615 to aid in the interpretation of the readout 60ft. 

Also included in display 601 are buttons 607 whiih can enable theiuser to set start 
and stop times for the measurement ofths motion by the blub (eg. to tan off a sleep Mode). 

10 There is also a button to exft the program whm Also, 
there are filHn areas 609 which can enable the user to stdre data baaed on a particular game 
for later reference, or with which to retrieve data from memory if the player, or another 
party, would like to examine the particular Bwmgs at a lai^r time using thefcommand station 
209. Finally, there is shown a control statistics section eio where various motion 

15 parameters regarding the operation of Que sensors are disj^ayed Such a section could be 
useful for diagnostics on the sensors, or for setting the eeifiors to insure th*y read accurately 
for the play of a particular golfer. 

The display 601 of FIG. 6 is merely one example bf the types of information that 
could be presented. In one embodiment, the command station 209 can allow a golfa to 

20 examine fee produced data, replay or simulate a portion ojf the movement 0a, g., golf swing), 
to compare the movement to another movement, or to ev^n predict the resutt of the motion 
(for instance the distance and direction (hat the ball is eaqjected to travel). This can also be 
combined with information from sensors external to the ruction sensing syfcten^ for instance 
weather sensors, OPS systems, or twain maps to determine ndftw^nni factors related to the 

25 shot, or to do anything else thai cfluMb 

motion they made may have effected the resulting perfbnjmnce. Further, although EK . 6 
illustrates a visual display, audio or other sensory output (iould be provided instead ofjorin 
addition to, visual output The output could also b e used jo provide feedback to the user 
during the swing, for instance if the user had a habit of twisting the club fate during the 

30 swing, the club handle could tingle indicating that the club face is being twtsted and 
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eaicouiagmg the player to try and fll m iin at fl the b ehavior (before actually fallowing through 
with the putt 

In another enrt>odiinent, the golfer's performance could bo compaied against the 
performance of a professional or highly skilled golfer performing a similar putt (or drive off 

5 a tee shot) to show the differences in performance The display 601 coula also include 
information showing the layout of the course or green, aid a map showing a mathematical 
calculation of the putt (or drive) aa made compel^ to a ^ (or drive) wlfcch would have 
gone in the cup (o^ was made by another golfer). In yet toother embodiment, the display 
601 could provide a golfer with their performance over tjme. For instance their 

10 p erform a n ce over nine holes oould he shown ammlt a ne oiun al y to attappt tq point out 

recursive problems. The display 601 could also provide Suggestions about what might be 

> 

causing the problems and how the golfer may be able to Improve their game. 

Although the system described in FIGS 1 -6 describes the motion aajsfog system as 
being located in the head of the golf club and the other components locate! in various other 
15 parts of the club, it will be readtty understood by one of^kill in the ait that fee sensors and 
components couM be plac^an^ 

the club is desired or epace allows. The motion oftheclhb head is generally measured 
because the club head actually impacts (he golf ball and therefore pro vi de* the motion to the 
ball, whose resultant location is what is desired. Alternatively or additionally* sensor* could 

20 be placed in die shaft or handle of the golf club to enabl^ a recordation ofthe motion of 
those items so as to use their motion in comparing golf sayings. Such a measurement may 
be desirable to determine the result on the swing of die flexibility of the club, for example. 

The data provided from the motion censing eystaii could be used as part of a 
training program in another embodiment of the inveniiox}. In one such embodiment, s 

25 particularly fine athlete could be provided with devices like those above and could 

participate in one or more sporting events while all their motion was iecoided. Their 

> 

success could then be analyzed and us ed to train other atiilotes to perform &a a similar 
manner. TMs could be performed by providing the trainfcg athlete with asnmlar analysis 
of motion, comparing the differences between the motiois, and developing a training 
30 routine, training materials, or specially designed sporting) goods to help tta training athlete 
to better conform their movement to the successful athlete's movement Smcefhe motion 
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of the club head is recorded, the tnrimng regime could eiicounige the playsr to copy the 
club'B motion, instead of the skilled player 3 b motion, Ttfis would then enable the player to 
adapt a comfortable play style which emulates the skilled player' s results , sbut may be a 
completely different, and personalized, style. } 1 

5 The produced data cchiW also be used m Fa 

instance, a designer could build a range of sporting goodp incorporating different principles 
and provide these to an athlete* They can then compare Success and feihflb of the desigre of 
the sporting goods, along with the motion of the sporting goods to develop new sporting 
goods that promote die ability oft at least some, athletes to perform betters Spoiling goods 

10 could also bo fliamifectttMrf 

analyzing the modern of an athlrte with a particular sporting good or goo* and then 
selecting or derrigmng a sporting good that capitalizes ad the unique abilities offhatcuhlete. 

In a still further embodiment, fee produced data dould be used to provide better 
simulations and predictions of motion. A putting simulator could be provided which 

15 enables a golfer to swing a club at a tethered ball that, bjfeed on the motion of the clul 
allows far a more realistic practice experience in a limitdl environment tor instance, it 
would be possible to provide far a simulated green (for iligtance via a vidao screen) with a 
club including amotion sensing system and a tethered bfli. A computer could then analyze 
the hit at the moment of impact, compute the course of t^s ball and show the ball move on 

20 the screen with a high degree of accuracy. 

Such systems could also predict die outcome of ajparticnlar sporthtg action in real 
time. This could enable a commentator and/or player to know at the instant a ball was hit 
that it was going in the cup. This commentator ability ccfuld also allow a Heifer's moiion 
can be analyzed as they are playing allowing a spectator to know that one particular g olfa is 

25 hitting their putts or drives mutih cleaner or better than aiofher golfer, or compared tc the 
way they usually play, The information could also be usid by coaches or Trainers during a 
sporting event to determine if a player is not performing fn a normal manner and allow the 
coach to determine if the player may be having an off da^; and why the pUyar may be 
having an off day. The information could also be provided via television^tfhtemet or Tthex 

30 netwotta to the public, spectators, or other mteratedpaitfes. 
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» 

The devices can also be used in sports safety and in ispoTfji mrf]^$, Since the 
motion of an athlete may always be recorded, if the athlete was to suffer an injury, fee 
instance a back injury duiiBg 

motion to determine the nature of the athletes injury frok the difference in the motio a and 
5 what that could mem for imdeaiyfaig body gtroctro Hie system. 

couM also be used to detect an athlete who may be 

subtle changes in the motion of play Such a systeii could allow a coach or trainer to 
make a decision that the athlete should discontinue play (to avoid further feyury, evsn if the 
athlete thinks he ia still fit to continue. 
10 The systems sal methods c^ 

or surgery, With a recording of the golfer" s original motion the golfer ea» train after an 

iAjmy to duplicate that moticra 

afcletic ability and performance aftoinj^ 

ia a restricted environment (such aa a ho spital). Such a System could alscfbe used if t ie 
15 player takes a leave of absence from the sport foTapcric|i of time. It couid also be wed if 

the player wished to alter a specific fecet of their play at ft future time, forJinstance because 

of a switch in sporting equfpmept manufacturers 

3h yet a further embodiment the recorded motioq could bo used ttflbofld a machine 

to accurately annulate the motion that has bean recorded] In this way, robots or other 
20 machines could be built which were particularly goo d at putting exactly Bee a paxticn i ar 

player. The machine oould then be provided with clubs |ianufectured to «al with th^ 

particular problem and d eajgned to correct the problem sbithe machine casa test them. 

Therefore the system could result ma player being provided with custom designed clubs 

that wifl help them correct a problem with their game, orimay even coxtec* it for flicm. that 
25 have been Engineered baaed on exactly how they s wing 

The motion could also be used to create particularly good visual racroemtatio^ 

the motion allowing creators in the visual arts, for instance special effects snoducers in the 

movies, to simulate the golfing motion in an animated figure. 
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While tho invention has been discktfod in coimection with the prepared 
embodiments shown and described in detail, various modifications and Ljjeiiov emet^ 
thereon wiU became readily apparent to flioae flkflkd in the art According, the spint and 
scope of the present invention is to be defcsmmed by the following claims* 
s What is claimed k: 
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1. A system for measuring motion of a sporting equipment, the system comprising: 
a motion sensing system in commmiications wid} said sporting equipment to 

measure motion parameters, wtedn said action scnai^ 
5 at least one accelarometer and at least one gyroscope. 1 

2. The system of claim I, further comprising: 

a command station comprising a date acquisition 
motion paramet&s and produce data 

10 

I 

3. The system of claim 1, wherein said sporting equ^pmmt is at least i>ne of the 
followiog: agoJfctab, a baseball bat, a hockey stick, a fobtball and a tern* racquet 

4. The system of claim I , wherein said motion sensing system is localtod on said 
15 sporting equipment j 

5. The system of claim 1, wherein said motion fienszig system is located within said 
sporting equipment 

i 

20 6. The system of claim 1, wherein said at least one a^celerometer is amicromachme 
device. j 

7. The system of claim U wherein said at least one Qn>scopc feamkftraadiinp 
device 

25 

8. The system of claim 1, wherein said motion sensh^g system comprises at least one 
accelerometer and at least one gyroscope. I 

9. The system of claim 1 , wherein said motion sensing system includes an 

30 accelarometer, a first gyroscope for detecting an angular acceleration idathw to afirat axis 
and a second gyroscope fcr detecting an ai^^ axis. 
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10. The system of claim 9, wherein aaf d second axis is orthogonal to add jfijst asU 

11. The system of claim 1. wherein said Tnntirm rnnq-jpg gytuwrn fn/^fltx,- 

a firet gyroscope for detecting angular acceleralicti relative to a first axia; 
a first accelarometer for detecting linear acceleraSon relative to a ftist axis; 
a second gyroscope for detectm^ 

a second accelerometer for detecting Knear acceleration relative ton second axis; 
a third gyroscope for detecting angular acceleration relative to a third axis; anc 
a third accelerometer for detecting linear acceleration relative to a «cond axis, and 

wherein said second axis is orthogonal to saM first axis ah4 said feird axteis orthogonal to 

said first and said second axes. 



12. The system of claim 2, wherein Bfrid data aco^sitta system processes said 

IS measured motion parameters and produces data representtitive of an impact location o 'said 
sporting; equipment. ;• i 

13. The system of claim 2, wherein said data acqvtiaitikm system processes said 
measured motion parameters and produces data representative of a velocity of said sporting 

20 fljjnip flflfewt . 

14. Hie system of claim 2, herein said data acquiahibn system processes said 
measured motion parameters to produce data representative of an angular orientation of said 
porting equi p ment. 

25 

15. The system of claim 1, wherein said motion sensing system comprifcea memory for 
storing said measured motion parameters. 

1 6 . The system of claim 1 5, wherein said memory is detachable ftom sadd qpoitmg 
30 eQUipmcQti 
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17. The system Of Claim l f Anther c nmpriRit^ |. 

i 

a tranamitte to transmit said measured moliimpta^ 

1 8. The system of claim 17, wherein said transmittal is a wirdess o oimmnica tiatis 

5 



19. Hie system of claim 18, wherein raid wireless cdmnmnications transmitter transmits 
sai d measured motion parameters in accordance with out of the following ■ wireless 
communication protocols: Bluetooth and IEEE 804,12. 

10 

20. The system of claim 18, wherein said wireless coprnmnicatians transmitter is i 
radio-frequency transmitter. 

21. The systan of claim 18, wherein said wireless cojnmimications tafcs^tter is im 
15 Inirared-ircqueacy transmitter. 

S 

22. The ^temofdaim 2, herein the data acquia 

correction module for compensating &r an enor rate of sidd motion sensing system. 

20 23. llie system of claim l.fbrfhcrcon^ 
monitor, 

24, The system of claim 2, wh^^ said data acq^ 
data to previously stored data* 

25 

25. A system fbr analyzing a golf swing, cxmprismg: 
a gc4f club head; god 

a motion sensing system in communications with iaid golf chib head to measure 
golf swing motion parameters, wherein said motion sensing system comprises at least one 
30 ot at least one accelcrometer and at least one gyroscope, j 
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26. The system of claim 25, fxutilcr comprising: j 

a command station cuuipiiuing a data acquisition system to process said measured 
motion parametas and produce data. 

27* The system of claim 25, wherein said motion sending system is located on said golf 
club head. 

■; 

28. The system of claim 25, wherein said motion sending system is looked within s aid 
golf club head 



29. Hie system of claim 25, wherein said motion saitfing system comjtfises at leas: one 
acceknmetar and at least on© gyroscope. 

i 
{ 

30. The system of claim 25, wherein said motion sending system induces an 

15 aoceleroititrter, a first gyroscope for detecting an angular Acceleration relative to a first axis 
and a second gyroscope for detecting an angular acceleration relative to a second axis 

| 

i 

31. Hie system of claim 30, wherein said second axis jis orthogonal to said first axis. 

f 

20 32. The system of claim 25, wherein said motion sensing system includes: 
a first gyroscope for detecting angular acceleration relative to a first axis; 
a first accelemmeter for detecting linear acceleration relative to a ffcst axis; 
a second gyroscope for detecting angular acceleration relative to a second saris ; 
a second accelerometer for detecting linear acceleration relative to f second ms; 
25 a third gyroscope for detecting angular acceleration relative to a thM axis; and 

a third accderometer for detecting linear acceleration relative to a second axis, and 
wherein said second axis is orthogonal to said first axis and said third axis «s orthogonal to 
said first and said second axes. 
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42. Hie system of claim 41, wherein said wireless co immnications tahsmitter transmits 
said measured parameter data in accordance with one of fee following wirtdeas 
communication protocols: Bluetooth and thkm 804.12. ! i 

5 43. The systan of claim 41, whsein said wireless coi iminricatioitf transmitter is t 
radio-frequency transmitter. 

i s 

44. Hie system of claim 41, wherein said wireless cmjmmnications transmitter is aa 
Ihfisred-rftequency transmitter. j 

10 

45. ^system of claim 26, whe^ 

correction modole for compenwrring for an eapr rate of gfrd motion seeing system . 



46. The systan of claim 25 t further comprising a command station thattmchides a 
15 display monitor. 



47. The system ofclaim 26, wherdn said data ac^^ system compares said 
produced data to previously stored data. 

j 
i 

20 48. The system of claim 25, whereto said golf club he^dis aputter. 

j 

49. The system of claim 25, wherein said golf club he**! is a driver. 

50, A golf club, comprising: 
25 a club head; 

a shaft; and 

a motion sensing system to measure motion parameters of said golf club during i 
golf swing, wherein said motion sensing system conq>rises|at least one of: ai least one 
accekrometar and at least one gyroscope: j 

30 , 



} 
\ 
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33. The system of claim 26, wherein said data acquisition system processes said 
measured motion parameters and produces data representative of an impart location of a 
golf ball on a chib face of said club head. 



5 34. The system of claim 26, wherein said data acquisition system processes said 
measured motion parametere and produces data rejaescalative of a velocity of said ctob 
head. 

35. The system of claim 26, wherein said data acquis tion system processes said 
10 measured motion parameters and produces data nspresenftfive of an angular orientation of a 
club ficeofsaidclnb head j 



36. The system of claim 35. wherein said data acquisition system provides an angular 
orientation of said club face when aaid chrt> face impacts a golf balL 

15 

37. The system of claim 36, wherein Baid data acquis tion system pruwdes a reference 
angular orientation of said dub fece at an initiation of saijl golf swing. 

38. The system of claim 25, wfaerdn said motion sensing system comprising memory 
20 for storing said measured motion parameters. • 

i 
i 

39. The system of claim 38, wherein said memory is detachable from said golf clot. 



25 



40. The system of claim 25, further comprising: i 

a transmitter to transmit said measured motion parameters to a contoand station. 



41. The system of claim 40, wherein said transmitter ik a wireless < 



I : 
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51- H» golf olid> of claim 50, wherein said motion skasing system is located on said 
club head 

52. The golf club of claim 50, wherein said motion strong system is located within said 
5 club head 

i 

53. The golf club of claim 50, whewdn said motion sensing system is located on said 
shaft 

10 54. The golf club of claim 50, wherein said motion scUmg system is located widen said 



15 



55 . The golf club of claim SO, wherein said motion siwtag system comprises at least 
one accelorometer and at least one gyroscope. j 

56. The go If club of claim 50, wherein said motion se using system inctades an 



accd^ometer, a to gyroscope fer drtecth^ 

and a second gyroscope for detecting an angular acceleration relative to a second axis 

! 

20 57. The golf club of claim 56, wherein said second axis is orthogonal tfe said first axis. 

! 
i 

58* The golf club of claim 50, wherein said motion seising system inctades; 
a first gyroscope far detecting angular acceleration relative to a firsfcaaris; 
a first accelerometer for detecting linear acedcratibn relative to a fest axis; 
25 a second gyroscope for detecting angular acceleration relative to a tecond axis; 

a second accelemmeter for detecting linear acceleration relative to a second axis; 
a third gyroscope for detecting angular acceleration relative to a thfcd axis; and 
a third acceleiometer flxr detecting linear acceleration relative to a second axis, and 
wheran said secc^ axis is orthogonal to 
30 said first and said second axes. 



.1 

PAGE 37/80 1 RCVD AT 1 1/8/20(15 5:56:33 PM (Eastern Standard Time] » SVR:USPTO-EFXRF-6/31 * DNIS:2738300 * CSID:13124635001 • DURATION (mm-ss):32-16 



11/08/2005 17:10 FAX 13124635001 



BANNER Si WITCOFF 



0038/080 



WO 0235184 FCT/US01/32396 

-32- 

59* Ihe golf chib of claim 50, flutter cramrismgmainoiy for storing arid measured 
motion parameters. 

60. The golf club of claim 59, wherein said memory k detachable firomeaid golf club. 

5 

61. Ihe golf cmb of claim 50, farther comprising attWmtterto transmitting eaic 
measured motion p arametas to a command station. 



J' 

62. The golf club of claim 61, wherein said transmits* is a wireless communications 



10 

63. The golf club of claim 62, wherein said wireless cjommimicationa transmitter . 
transmits said measured parameter data in accordance wiih one of the following wireless 
communication piotocols: Bluetoom and JEEB 804.12. j 

15 

64. The golf club of claim 62, wherein said wireless ^mmonications transmitter u a 
radio-frequency transmitted. 



65. The golf dub of claim 62, wherein said wireless cbmmanicatiopa ttansnritterif an 
20 Ihftai ed-frcqucocy temanrit tor. 



66. The golf chib of claim 50, wherein said motion seising system is removable and 
replaceable from said golf dub. 

25 67. The golf club of claim 50, wherein add golf club $ a putter. 

68. The golf club of claim 50, wherein said golf club & a driver. 

69, A method for analyzing a golf swing, comprising: j 

i 
j 
I 
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to^ainottonsensiiig system to 
swmg inodon parameter whatem aaid n»o^ 
least one accelerometer and at least one gyroscope; and 1 

processing said measured motion parameters to produce data. 

I 

70. The method of claim 69, Anther comprising: 
locating said motion sensing system on a club head of said golf cluo. 

■ 

71. The method of claim 69, farmer comprisin g: 
locating said motion sensing system within a ctabj head of said golictob. 

j 

72. ^memM of claim 69. whereto said 
accelerometer aod at least one gyroscope. 

15 73. The method of claim 69, wherein said motion Bending system includes an 
acceleiometer, a to gyroscope fecietectto^ 

and a aeeimd gyroscope detecting an ang^ Brigand 
wherein said second axis is orthogonal to said first axis. I 

5 
I 

20 74. The method of claim 69, whereto said motion semjing system mohwes: 
a first gyroscope for detecting angular acceleratiori relative to a fireflaxia; 
a first accelerometw for detecting HnewaooeJeiatien relative to a fijit axis; 
a second gyroscope fer o^etectmg angulm 

a second accelerometer for detecting linear accekrhtion relative to asecond axis; 
25 a tbirdgyroaw^ for detect angm^ 

a fthd acceleroiiieter for detectm^ 
wherein said second axis is orthogonal to sad &t* axis and said tinrt axis* 
said first and said second i 



30 75. The method of claim 69, wherein said data is representative of an rmoact location of 
a golf ball on a cam face of said golf club. 
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76. The melhod of claim 69, wherein s^ 
head of said golf club. 



5 77. The method of claim 69, wherein said dala is r^njesentativo of an angular 
onemta&m of a club fee© of said golf dub. j 

i 

78. The method of claim 69, farther comprising 



10 

79. The method of claim 69, further 



i 

■ 

80. The method of claim 69, wherein said processing (of said measuredmotion 
15 parameters includes compensating for an error rate of sai^ motion sensing system 

• < 

81. Tho method of claim 69, fbrfber con^nismg j 
displaying said data on a display monitor* 

20 82. The method of claim 69, ftirthor comprisiDg; 

comparing said produced data to previously stored data. 
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